Intravenous (IV) recombinant tissue plasminogen activator (rt-PA) remains the only US Food and Drug Administration-approved and proven therapy for acute ischemic stroke. 1 The addition of glycoprotein IIb/IIIa antagonists to fibrinolytic regimens increases both the speed of arterial recanalization and the percentage of patients with open arteries in acute myocardial infarction. 2 On the basis of this rationale, we have previously reported that the combination of reduced-dose IV rt-PA plus eptifibatide, a glycoprotein IIb/IIIa antagonist, was safe when administered within 3 hours of symptom onset in acute ischemic stroke. 3 Tier 1 of that dose escalation study used 0.3 mg/kg of IV rt-PA, whereas Tier 2 used 0.45 mg/kg of IV rt-PA. In each tier, the eptifibatide dose was a 75 mcg/kg bolus followed by a 2-hour infusion of 0.75 mcg/kg per minute. 3 As demonstrated in the Abciximab in Emergency Treatment of Stroke Trial (AbESTT-II), full platelet inhibition at cardiac doses for 12 hours or longer may be unsafe in the setting of stroke. 4 As such, our goal was to use the lowest possible combination of doses of rt-PA plus eptifibatide with the highest lytic efficacy and a shorter duration that is likely to affect early reperfusion but limits potential hemorrhagic complications over the first 24 hours. Given the 1.4% symptomatic intracranial hemorrhage (sICH) rate and overall safety of the doses of rt-PA and eptifibatide in the Combined Approach to Lysis Utilizing Eptifibatide and rt-PA in Acute Ischemic Stroke (CLEAR) trial, 3 we designed and conducted the Combined Approach to Lysis Utilizing Eptifibatide and rt-PA in Acute Ischemic Stroke-Enhanced Regimen (CLEAR-ER) trial. We hypothesized that this new higher-dose regimen would be safe and provide sufficient evidence that would warrant pursuit of a phase III clinical trial.
Methods
The CLEAR-ER trial was a multicenter, double-blind, randomized safety study designed to provide data concerning the risks and benefits of combining a glycoprotein IIb/IIIa antagonist, eptifibatide, with medium-dose IV rt-PA in 126 acute ischemic stroke patients treated with rt-PA within 3 hours of symptom onset. The institutional review board of each site approved the study protocol, and written informed consent was obtained from each patient or surrogate before study entry. The trial was sponsored by the National Institutes of Health/National Institute of Neurological Disorders and Stroke (NIH/NINDS) as a Specialized Programs of Translational Research in Acute Stroke program project. The trial was conducted at 9 US medical centers comprising 21 hospitals. Study drugs were supplied at no charge by the manufacturers (rt-PA by Genentech and eptifibatide by Merck). The manufacturers had no role in trial design, execution, data analysis, or writing of this article. Eligible patients were 18 to 85 years of age with a clinical diagnosis of acute ischemic stroke and a National Institutes of Health Stroke Scale (NIHSS) score >5. Inclusion and exclusion criteria are listed in Table 1 .
Protocol and Randomization Scheme
Using a web-based approach with a telephone backup line using computer-generated number codes, patients were randomized in a 5:1 ratio using minimization techniques to the combination of medium-dose rt-PA (0.6 mg/kg) plus eptifibatide (135 mcg/kg bolus followed by a 2-hour infusion at 0.75 mcg/kg per minute) versus standard-dose rt-PA (0.9 mg/kg). The selected doses were based on a well-established in vitro clot model that suggested similar lytic efficacy may be obtained with reduced-dose rt-PA and eptifibatide compared with full doses of the medications. 5 The minimization approach used 2 stratification variables: age (<70 and ≥70 years) and the NIHSS (≤12 and >12) with group allocation based on the selection of the group, with probability of 0.85 that gave the smaller total treatment imbalance. Total treatment imbalance was defined as the sum of the weighted imbalance for age, NIHSS, center, and overall study balance. The weighting factors were chosen before the start of the study according to the importance of achieving balance for that variable.
To avoid delaying timely administration of rt-PA, the protocol required that open-label rt-PA be initiated with a planned dose of 0.9 mg/kg as standard of care as soon as clinically indicated; informed consent was then obtained for participation in the trial. Once randomization was accomplished, the investigational pharmacy supplied the emergency department with an infusion bag of rt-PA or placebo and a bolus and infusion bag of eptifibatide or placebo. The eptifibatide or placebo bolus and infusion were started as soon as possible. The open-label rt-PA was then taken down completely (to the saline-lock) and removed at the 40-minute point of the infusion. At that point, patients would have received 0.6 mg/kg of rt-PA. The infusion bag containing either rt-PA or placebo with a primed line was then hung and started. Thus, the patient received either study combination or standard rt-PA in a double-blinded fashion ( Figure 1 ). All study drugs were colorless and compatible in infusion lines, hence there was no potential unblinding caused by mixing of agents in the IV lines.
Subject Monitoring
Patients were monitored clinically throughout the infusion by study personnel and then admitted to an intensive care unit for continued monitoring for ≥24 hours. Patients had standardized clinical evaluations at 2 hours, 24 hours, and 5 days or at discharge, followed by a telephone follow-up at 7 days and a final in-person standardized evaluation at 90 days. Outcomes measured were the modified Rankin Scale score, NIHSS, Glasgow Outcome Scale, and Barthel Index. Radiological outcome measures included a 24-hour safety head computed tomography scan to evaluate for ICH.
Safety Evaluations
The primary safety end point was the incidence of sICH within 36 hours of treatment. sICH was defined per the NINDS rt-PA Stroke Trial definition 1 as any ICH related to a decline in neurological status or the development of new neurological symptoms that, in the judgment of the clinical investigator, was related to the ICH. The final judgment for what constituted a significant neurological decline was made by the local site clinical investigator. A blinded, independent safety monitor reviewed all ICHs. Stopping rules for sICH in the rt-PA +eptifibitide arm were created on the basis of an underlying rate of 8.1%, which was the sICH rate of patients from the NINDS rt-PA Stroke Trial, rt-PA treated arm, with an NIHSS >5, and age between 18 and 85 years. The lower 90% confidence interval (CI) was calculated for each potential observed event, assuming a binomial distribution. The stopping decision was based on whether the assumed true event rate, 8.1%, fell below the lower 90% CI for the observed rate, dependent on the number of subjects accrued. All hemorrhages observed on computed tomography were classified by the independent study neuroradiologist as hemorrhagic infarct 1, hemorrhagic infarct 2, parenchymal hemorrhage 1, and parenchymal hemorrhage 2 6 regardless of symptomatology.
Additional safety end points evaluated within 7 days of treatment onset included the incidence of life-threatening systemic bleeding (defined as requiring transfusion of ≥3 U of packed red blood cells), mild or moderate systemic bleeding, sICH, asymptomatic ICH, death of any cause, and death because of stroke. Ninety-day safety end points were death of any cause, death caused by stroke, adverse events (AE), serious AE, subjects with ≥1 AE, and subjects with ≥1 serious AE.
Outcome Measures
The primary efficacy outcome measure was the modified Rankin Scale (mRS) score ≤1 or return to baseline mRS at 90 days. The prespecified end point that would suggest that the combination therapy should not be explored further in a phase III trial (no-go) was a proportion of good outcome <0.33. This was based on the 39% good outcome rate in the NINDS trial of rt-PA with an estimated SE of 3.8%, yielding 95% CIs of 32% to 46%. 1 A proportion of good outcome no larger than the lower bound of this CI would suggest futility of the combination therapy and represent a no-go for pursuit of a phase III trial.
Additional end points included measures of very early improvement: NIHSS ≤5 at 2 hours; early improvement: NIHSS ≤2 at 24 hours; and late improvement: NIHSS ≤2 at 90 days. The NINDS investigators proposed these end points as excellent end points for future phase II studies of recanalization therapies in acute ischemic stroke on the basis of exploratory analyses of the NINDS rt-PA Trial. 7 Secondary clinical end points at 90 days included mRS score ≤1, Barthel Index of ≥95, Glasgow Outcome Scale of 1, and occurrence of new stroke.
The 90-day primary clinical outcome assessments were performed by blinded study investigators who were not directly involved with acute treatment of the patient. All investigators were certified in the NIHSS and received standardized training on the Rankin, Barthel, and Glasgow assessments.
Data Management
Data were managed and analyzed with SAS version 9.3 (SAS Institute Inc; Cary, NC). The case report forms were double-entered into a custom web-based Sharepoint database run using InfoPath, with monthly computer-generated monitoring. In addition, 100% monitoring was completed at the end of the study.
Statistical Analyses
Univariate analysis included range checking and examination of distributional properties of the variables of interest. Bivariate analysis to compare baseline descriptors between the experimental and control groups consisted of Wilcoxon rank sum and Fisher exact tests, as appropriate, on the basis of the nature of the data being analyzed. Analysis of the safety and efficacy outcome variables was done with multiple logistic regression both unadjusted and adjusted for appropriate covariates. When low frequency was encountered (≤5), an exact logistic regression was used. Variables considered a priori for inclusion as potential covariates were age, baseline NIHSS score, and time to treatment. These variables were chosen on the basis of findings from the NINDS rt-PA Stroke Trials. 1 Information was available for all subjects on the primary safety and efficacy end points.
Results
The study enrolled 126 subjects from July 2009 to October 2012; 101 received the combination therapy and 25 received standard-dose rt-PA. The demographic and medical history of subjects in the 2 treatment groups are shown in Table 2 .
The primary safety outcome of sICH occurred in 2 (2%) of 101 patients in the combination treatment group and 3 (12%) of 25 patients in the standard treatment arm (odds ratio, 0.15; 95% CI, 0.01-1.40; P=0.053). Representative head computed tomography images for all sICH observed are shown in Figure 2 . Of the 19 asymptomatic ICHs in both groups, 7 were classified as parenchymal hemorrhage 1 or parenchymal hemorrhage 2 by the neuroradiologist. A figure of these hemorrhages is in the online-only Data Supplement. Safety end points are presented in Table 3 . At 7 days after treatment, mild and moderate systemic bleeding was more common in the combination therapy group, but there was no difference in life-threatening systemic bleeding. At 90 days, there were no differences between groups in death of any cause or death caused by stroke ( Table 3 ). Causes of death are shown in the online-only Data Supplement.
At 90 days after treatment, 49.5% of the combination treatment group patients had an mRS ≤1 or return to baseline mRS compared with 36.0% in the standard treatment group (unadjusted odds ratio, 1.74; 95% CI, 0.70-4.31; P=0.23). After adjusting for age, baseline NIHSS score, time to IV rt-PA and baseline mRS, the odds ratio was 1.38 (95% CI, 0.51-3.76; P=0.52). We adjusted for baseline mRS because of the higher proportion of combination therapy patients with minimal or no disability ( Table 2) . Table 4 shows the odds ratios for clinical outcome at 90 days after adjusting for the a priori covariates age, NIHSS, and time to treatment (ie, not adjusted for baseline mRS). A post hoc analysis using matched controls (n=63 per group) from the rt-PA arm of the NINDS trial showed similar results for the primary outcome (odds ratio, 1.30; 95% CI, 0.57-2.96), suggesting that the estimates from these historical controls were valid. Subjects from the combination treatment group were matched for sex, race, baseline mRS, age (±6 years), baseline NIHSS (±4), and time to rt-PA (±30 minutes). The tables in the online-only Data Supplement show very early improvement, early improvement, late improvement, and change in NIHSS from baseline to 24 hours in both treatment groups.
Discussion
The enhanced dosing regimen of medium-dose IV rt-PA combined with a bolus followed by a short infusion of eptifibatide studied in this trial proved to be safe compared with standarddose IV rt-PA. The 2% sICH rate observed was much lower than the maximum expected 8% sICH rate. The direction of effect with regards to a good clinical outcome also favored the eptifibatide group, although this study was not powered to detect differences in clinical efficacy and the results were not statistically significant. The 49.5% proportion of good outcome in the combination group was well above the prespecified decision point that would justify proceeding to a phase III trial.
There were imbalances in pretreatment factors between the combination and standard therapy groups that generally favored the combination group (Table 2 ). This is reflected in the decrease in odds ratio favoring the eptifibatide group after adjusting for baseline NIHSS, age, pretreatment Rankin, and time to start of IV t-PA. However, inclusion of control subjects was not for making direct comparisons with the interventional arm. Rather, the small group of controls was used as a calibration group to ascertain the validity of the estimate from the historical control group, as has been suggested for phase II clinical trials. 8, 9 The control group also ensured that treating physicians remained blinded because there was a 1 in 6 chance that subjects received standard-dose rt-PA.
To our knowledge, excluding our previous dose-escalation study, only 3 other prospective randomized clinical trials of IV glycoprotein IIb/IIIa antagonist for patients with acute ischemic stroke have been published. 4, 10, 11 The Abciximab in Emergency Treatment of Stroke Trial (AbESTT-II) was a placebo-controlled randomized phase III trial. The trial was terminated after 808 of a planned 1800 patients were enrolled because of a greater risk of sICH (5.5% versus 0.5%; P=0.002) with no obvious clinical benefit in the primary cohort of patients. 4 The difference in safety between the AbESTT and the CLEAR-ER trials is readily explained by differences in study design and enrolled patients. Most patients enrolled in AbESST were treated in the 3-to 6-hour window and also included wake-up strokes. None of the patients in the abciximab or control group received t-PA. Further, the AbESTT intervention comprised a bolus followed by a 12-hour infusion of a full-dose regimen of abciximab used in cardiac trials. Thus, the amount and duration of platelet inhibition in that trial was greater than our enhanced regimen.
The Safety of Tirofiban in Acute Ischemic Stroke (SaTIS) trial randomized 260 patients to tirofiban versus placebo within 3 to 22 hours from symptom onset. The duration of treatment was 48 hours. 10 sICH and total hemorrhage rates were similar between groups, and treatment with tirofiban was associated with lower mortality at 5 months (2.3% versus 8.7%; P=0.03). 10 These findings require confirmation in a larger trial. A similar trial of 150 patients randomized to tirofiban versus aspirin found identical mortality at 3 months between groups with no difference in the proportion of patients with minimal or no disability. 11 The time to treatment onset was substantially longer in both of these trials than in our current study.
In the CLEAR-ER trial, systemic bleeding was more common in the combination therapy group than in the standard group (Table 3 ). However, it primarily comprised mild bleeding for which no intervention was warranted. There were no differences in all deaths, death caused by stroke, and the frequency of AEs and serious AEs between groups at 90 days.
Our study design allowed rapid administration of IV rt-PA but allowed only 40 minutes for obtaining consent, randomization, and initiation of study drug. All patients in the study had the open-label rt-PA infusion stopped at the 40-minute mark. In the rt-PA group, the median time (interquartile range) to restarting the infusion was 43 (38-48) minutes (Table 2) . It is unknown what impact this interruption may have had on the lytic efficacy of rt-PA in that group. In addition, our study did not include pretreatment imaging of intracranial vessels to determine rates of recanalization of occluded arteries in the 2 treatment groups. Finally, the sICH rate in the rt-PA group was higher than expected. A similar group of patients in the NINDS trial as our controls would be expected to have an sICH rate of 4.8% (95% CI, 0.1-24.8). However, a difference in 1 patient with sICH would have changed the observed rate from 12% (95% CI, 2.5-31.2) to 8% (95% CI, 1.0-26.0). These wide CIs indicate that a larger trial would be required to adequately address the true underlying differences in sICH between IV rt-PA and rt-PA plus eptifibatide.
Overall, this phase II clinical trial demonstrated the safety of the dosing regimen, the feasibility of enrolling patients, and delivery of study drug in a double-blinded fashion and provides evidence that a phase III clinical trial is warranted to determine the efficacy of this dosing regimen in improving clinical outcomes after acute ischemic stroke.
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